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This invention concerns a method and means for
electroplating, and more particularly a method and means
for electroplating metals with bright deposits of metal,

It is customary to plate metals by passing a current
through a plating solution wherein the negative elec-
trode, or cathode, immersed in the solution is the base
metal upon which the plated metal is to be formed.
Ordinarily, a plated metal which is deposited by passing
direct current through the plating solution does not de-
posit evenly upon the base metal because of the varying
current densities across the surface of the metal and
must, therefore, be ground and polished after it is plated.

In the past, it has been customary to conmmect an
A.-C. voitage in series with the D.-C. voltage to partially
deplate the heavier deposits during the peak of the nega-
tive half-cycle of the A.-C. volitage. The peak of the
A.-C. voltage necessarily had to be greater than the D.-C.
voltage. When the value of the D.-C. voltage or the am-
plitude of the A.-C. voltage was changed, not only the
value of the peak negative voltage, during the negative
half-cycle of the A.-C. voltage, was changed, but the time
duration of the negative voltage was also changed. This
required special calculations to determine the setting of the
device to achieve a predetermined quantity of electric flow
in a plating direction and a predetermined quantity of
electric flow in a deplating direction. This invention con-
templates the use of alternating plating current of asym-
metric sine wave form. More particularly, this invention
contemplates the use of an alternating plating current in
which the amplitude of one half-cycle remains constant
and the amplitude of the other half-cycle is varied at will
without changing the time duration of either the positive
or negative current flow. In the preferred embodiment
of this invention the time duration of the flow of nega-
tive current is not dependent upon the amplitude of
either the positive or negative half-cycle,

It is therefore an object of this invention to provide
means for electroplating a uniform deposit of material
upon a base material.

It is another object of this invention to provide a
method for eleciroplating a uniform deposit of material
upon a base material,

It is another object of this invention to provide a
means for generating an asymmetric sine wave.

It is another object of this invention to provide a
method for generating an asymmetric sine wave.

Other objects of invention will become apparent from
the following description taken in connection with the
accompanying drawings, in which

Fig. 1 is a typical schematic circuit diagram of this
invention;

And Fig. 2 is a graph of the current flow through the
plating tank plotted as a function of time, in the preferred
embodiment of this invention.

In Fig. 1, alternating current voltage source 1 is con-
nected in series with plating tank 2, current limiting re-
sistor 3, and the parallel combination of variable resistor
4 and rectifier 5. The current through rectifier 5 is
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measured by meter 6, while the current through resistor
4 is measured by meter 7.

In operation, a variable impedance device 3 such as an
inductor, capacitor, or resistor limits the total fiow of
current through plating tank 2. During the positive half-
cycle of the alternmating current voltage, rectifier 5 op-
erates as a closed switch, thus shorting variable resistor
4 and passing a current which is dependent upon the volt-
age of alternating current voltage source 1 and the re-
sistance of resistor 3. During the negative half-cycle of
the voltage of alternating current voltage source 1, rec-
tifier 5 acts in the manner of an open switch, and the
current amplitude is limited by an impedance device such
as resistor 3 in series with an impedance device such as
an inductor, capacitor, or resistor 4. In the preferred
embodiment of this invention, elements 3 and 4 are re-
sistors. Thus, the amplifude of the current flow during
the negative half-cycle may be varied independently of
the amplitude of the current flow during the positive half-
cycle by changing the resistance of resistor 4. It may be
seen from Fig. 2 that the time duration of the flow of
negative current r2 is equal to the time duration of the
flow of positive current #1, is independent - of the am-
plitude of the voltage of alternating current voltage
source 1, and depends merely upon the frequency there-
of. A plating build-up occurs upon the cathode during
the positive half-cycle of the plating current due to the
area under the curve, with amplitude a1; and a plating
remova]l which is less than the build-up, proportional to
the area under the curves of amplitude a2, a3, or as, oc-
curs during the negative half-cycle of the plating current.
The plating removal occurs primarily at the geomsetrical
poiats of high current concentration upcn the plated
object and creates a smooth plated surface with a bright
metal deposit.

Ammeter § reads the average unidirectional current
during the piating half-cycle. Ammeter 7 reads the cur-
rent through resistor 4 during the de-plating half-cycle.
The time duration is the same on both the plating and
de-plating half-cycles.

Although any plateable material can be plated by this
process, typical examples of plating solutions and operat-
ing conditions are given below. For the current readings
tabulated herein, meter 6 is a D.-C. meter and meter 7
is an A.-C. meter.

Silver—a high speed silver cyanide plating bath compris-
ing:

AgCN______ . 15 oz. avoirdupois.

KON 16 oz. avoirdupois.

KaCOs_ e ___ 2 oz. avoirdupois.

KOH - 1 oz. avoirdupois.

Hz0 to make 1 gallon of solution.

Reading of meter 6____________ + 1.0 ampere.

Reading of meter 7____________, 1.5 amperes.

Thickness of plate__.___________._ 2 mils,

Bath temperature______________. 120° F.

Ancde.. - Silver.

Area of sample._______________ 6 square inches.

Elapsed plating time___________. 55 minutes.
Copper—olating solution:

CuSO:s-5Ha0 . 26 oz. aveirdupois.

HoS0: ($6% ) oo 7 oz. avoirdupois.
H20 to make 1 gallon of solution.

Bath temperature_ . ________ Room temperatura.
Anode.____________________ Electrolytic copper.
Area of sample_ ... _________. 3 square inches.
Flapsed plating time.._______. 60 minutes.
Reading of meter 6__________ 2.0 amperes.
Reading of meter 7 _._.___. 1.0 ampere.
Thickness of plate___._______, 4.8 mils,
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Thus, the device of this invention produces a plated
surface which is extremely smooth and has a minimum
- of surface build-up at points of high ion concentraticn.
" Although the invention has been described and illus-
trated in detail, it is to be clearly understood that the
same is by way of illustration and example cnly and is
not to be taken by way of limitation, the spirit and scope
of this invention being limited only by the terras of the
appended claims.

Iclaim:

1. A method for electroplating uniform deposiis of
material upon an electrede in a plating sciution which con-
sists of passing an alterpating plating current of asym-
metric sine wave form through said plating solution, the
positive plating half cycle being greater than the negative
de-plating half-cycle of said current in amplitude and
being equal in time duration, whereby said metal is plated
in a bright deposit upon a base metal.

2. A method for electroplating comprising passing an
electric current consisting of an asymmetric sinusoidally
alternating plating current, having a positive plating half-
cycle and a negative de-plating half-cycle, through a base
material, a plating solution, an an anode, the de-plating
half-cycle being of the same time duration and being in-
dependently variable in- amplitude with respect to the
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plating half-cycle, the negative amplitude being less than
the positive amplitude. :

3. In a method of ‘controlling the electroplating of a
metal on a base metal; the step which comprises deposit-
ing said metal on the base-metal by a current consisting of
an asymmetric alternating sine wave having a positive
half-cycle of greater amplitude than the negative half-
cycle, the time duration of said half-cycles being equal.

4. Tn a method of controlling the electroplating of a
metal on a base metal; the steps which comprise depositing
said metal on the base metal by the positive half-cycle por-
tion of a current consisting of an asymmetric alternating
sine wave and de-plating a portion of said deposited metal
by the negativeé half-cycle portion of said current, said
negative portion having an amplitude less than the am-
plitude of the positive portion, said negative amplitude
being variable independently of the positive amplitude and
the time duration of said half-cycles being equal.
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